THEORETICAL  STUDIES  ON  UNSATURATED 
COMPOUNDS  CONTAINING  SULFUR 


By 

GEORGE  D.  PRICE 


A DISSERTATION  PRESENTED  TO  THE  GRADUATE  COUNCIL  OF 
THE  UNIVERSITY  OF  FLORIDA 

IN  PARTIAL  FULFILLMENT  OF  THE  REQUIREMENTS  FOR  THE 
DEGREE  OF  DOCTOR  OF  PHILOSOPHY 


UNIVERSITY  OF  FLORIDA 
April,  1964 


DEDICATION 


To  my  wife  and  to  my  father 


ii 


ACKNOWLEDGMENTS 


The  author  wishes  to  express  his  appreciation  to 
Dr.  G.  B.  Butler,  whose  interest  in  and  contributions  to 
the  research  never  ceased;  to  Dr.  C.  E.  Reid,  whose  willing- 
ness to  discuss  at  great  length  certain  problems  encountered 
was  extraordinary;  to  Dr.  W.  S.  Brey,  whose  modicum  of 
doubt  kept  the  author  from  committing  himself  too  deeply  to 
an  idea;  to  Dr.  A.  H.  Gropp,  whose  academic  expertise  was 
nonpareil;  to  his  present  fellow  students,  who  encouraged 
him  in  his  conceit;  to  his  past  fellow  students,  who  had 
certain  expectations  and  to  Mrs.  Thyra  Johnston,  who  typed 
the  manuscript. 

The  author  is  especially  indebted  to  Mr.  Jerome  T. 
Kresse,  whose  gentle  prodding  had  a salubrious  effect. 


iii 


TABLE  OF  CONTENTS 


Page 

DEDICATION ii 

ACKNOWLEDGMENTS iii 

LIST  OF  TABLES vi 

LIST  OF  FIGURES vli 

Chapter 

I.  INTRODUCTION 1 

II.  PREPARATION  OF  THE  SULFONES 3 

A.  General 3 

B.  Divinyl  sulfone  4 

C.  Vinyl  allyl  sulfone  4 

D.  Diallyl  sulfone  6 

E.  Vinyl  3-butenyl  sulfone  6 

F.  Allyl  3-hut enyl  sulfone  9 

G.  Di-3-butenyl  sulfone 10 

III.  SPECTRAL  EXAMINATION  OF  THE  SULFONES  ....  12 

A.  General 12 

B.  Infrared  region 13 

C.  Visible  region 17 

D.  Nuclear  magnetic  resonance  spectra.  ...  32 

IV.  SULFONE  POLYMERS  35 

iv 


Chapter  Page 

A.  General 35 

B.  Attempted  homo-polymerization  of  diallyl 

sulfone. 36 

C.  Vinyl  allyl  sulfone  homo-polymer 37 

D.  Diallyl  sulfone  - acrylonitrile 

co-polymer 39 

E.  Vinyl  allyl  sulfone  - maleic  anhydride 

co-polymers ^ 

F.  Vinyl  hutenyl  sulfone  - maleic  anhydride 

co-polymers ^1 

V.  SUMMARY ^ 

BIBLIOGRAPHY  46 

BIOGRAPHICAL  SKETCH 4-9 


v 


LIST  OF  TABLES 

Table  Page 

1.  Divinyl  Sulfone 14- 

2.  Vinyl  Allyl  Sulfone  15 

3.  Diallyl  Sulfone 15 

4.  Allyl  Butenyl  Sulfone  16 

5.  Dibutenyl  Sulfone  16 

6.  Vinyl  Butenyl  Sulfone  17 

7.  Values  Leading  to  Exaltations  Exhibited  by 

the  Pure  Sul f ones  21 

8.  Concentrations:  Solutions  of  Diallyl  Sulfone 

in  Dioxane 25 

9.  Solutions  of  Diallyl  Sulfone  in  Dioxane: 

Variation  of  Exaltation  26 

10.  Concentrations:  Solutions  of  the  Sulfones  in 

Dioxane 28 

11.  Values  Leading  to  Exaltation  Exnibited  by  the 

Sulfones  in  Dioxane  Solutions  29 

12.  Proton  Chemical  Shifts  of  the  Sulfones.  ...  35 


vi 


LIST  OF  FIGURES 

Figure  Page 

1.  Specific  exaltations  of  pure  sulfones  22 

2.  Variation  of  the  specific  exaltation  of  diallyl 

sulfone  as  a function  of  concentration 27 

3.  Specific  exaltations  of  solutions  of  the 

sulfones  in  dioxane 30 


vii 


CHAPTER  I 


INTRODUCTION 


The  work  in  this  laboratory  of  Butler  and  Ingley  (1) 
uncovered  a seeming  exception  to  Staudinger's  (2)  widely 
accepted  hypothesis  that  a non-conjugated  diene  yields 
exclusively  a cross-linked  polymer:  diallyl  quaternary 

ammonium  salts  polymerized  with  free  radical  initiators  to 
yield  water-soluble,  non-crosslinked  polymers.  Subsequent 
work  (3»4)  confirmed  the  anomaly. 

Though  work  (5,6,7, 8, 9)  both  before  and  after  that 
of  Butler  and  Ingley  included  observations  bearing  on 
cyclization  during  polymerization  of  such  dienes,  it  re- 
mained for  Butler  and  Angelo  (10)  to  postulate  a mechanism; 
namely,  intramolecular-intermolecular  polymerization  (since, 
also  called  cyclopolymerization) : 
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The  postulate  was  strongly  supported  by  the  subsequent 
work  of  Butler,  Crawshaw  and  Miller  (11),  who  studied  the 
degradation  products  of  poly-(diallylammonium  bromide)  and 
poly-(diallyldimethyiammonium  bromide) . 

Although  Butler  (12)  has  proposed  across-space  homo- 
conjugation as  an  explanation  for  the  strong  tendency  of 
1,6-dienes  to  cyclopolymerize,  the  experimental  evidence 
which  does  tend  to  support  such  an  interpretation  is  offset 
by  other  evidence  which  does  not  (13). 

Therefore,  in  the  present  study,  the  following 
objectives  were  decided  upon: 

a.  to  obtain  a series  of  six  unsaturated  sulfones,  each 
having  two  double  bonds;  namely,  divinyl  sulfone, 
vinyl  ally!  sulfone,  diallyl  sulfone,  allyl  3- 
butenyl  sulfone,  vinyl  3-butenyl  sulfone,  and  di-3- 
butenyl  sulfone, 

b.  to  determine  whether  the  sulfones,  as  examined  in 
the  UV,  visible  and  IH  portions  of  the  spectrum, 
show  any  signs  of  homoconjugation, 

c.  to  polymerize  certain  members  of  the  series  and 
examine  the  polymers  via  IR. 


CHAPTER  II 


PREPARATION  OP  THE  SULPONES 


A.  General 

As  intermediates  in  the  preparation  of  the  sulfones 
were  used,  as  received,  the  following  materials:  allyl 

mercaptan  and  diallyl  sulfide,  Monomer-Polymer  Labs; 
2-mercaptoethanol,  K and  K Laboratories,  Inc.;  3-butene- 
l-ol  (experimental  sample),  Tennessee  Eastman  Research 
laboratories.  The  di vinyl  sulfone,  purchased  from  Union 
Carbide  and  Chemicals  Co. , and  the  ethylene  chlorohydrin, 
purchased  from  Matheson,  Coleman  and  Bell,  were  re-distilled 
before  use. 

In  the  course  of  the  syntheses,  certain  physical 
constants  were  recorded:  boiling  points  (in  uncorrected 

degrees  centigrade  at  pressures  in  millimeters),  refractive 
indices  (as  determined  on  a Bausch  and  Lomb  Abbe  3^ 
Refractometer) , and,  in  some  cases,  densities.  IR  spectra 
were  run,  variously,  on  three  instruments:  a Perkin-Elmer 

Model  221  Prism-Grating  Spectrophotometer,  a Beckman  IR-5a, 
and  a Perkin-Elmer  Infracord.  All  elemental  analyses  were 
run  by  Galbraith  Laboratories,  Inc. 
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B.  Divinyl  sulfone 

A commercially  obtained  sample  was  re-distilled, 
giving  a fraction  having  the  following  physical  constants: 

b.p.  101°/9.4  mm,  n^1  = l.W,  d^1  * 1.1782;  lit.  (14), 

b.p.  107.6°/14.5  mm,  n^7  = 1.4737. 

C.  Vinyl  allyl  sulfone 

1.  Successful  route 

The  vinyl  allyl  sulfone  was  prepared  according  to 
the  procedure  of  Cope  and  co-workers  (15)  and  had  the 
following  physical  constants:  b.p.  74-75°/0.7  mm, 

n^°  = 1.4835,  d 1°  * 1.1472;  lit.  (15),  b.p.  80-83°/0.7  mm, 

n^p  = 1.4815,  djp  ■ 1.1427.  Reduction  at  atmospheric 
pressure,  using  5 per  cent  rhodium  on  carbon  catalyst,  of 
0.1291  g (0.978  mli)  of  the  sulfone  required  44.0  ml  (1.96 
mM)  of  hydrogen  gas  at  STP  (43.8  ml,  calculated). 

2.  Unsuccessful  routes 

To  avoid  the  half-mustard  gas  intermediate  in  the 
above  preparation,  two  additional  routes  to  the  sulfone  were 
originally  attempted:  pyrolysis  at  515°  of  2-acetoxyethyl 

allyl  sulfone  (14),  and  decomposition  in  alcohol  potassium 
hydroxide  solution  of  the  tosyl  ester  of  2-allylmercapto- 
ethanol  (16) . 
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Though  pyrolysis  of  impure  2-acetoxyethyl  allyl 

sulfone  did  not  give  the  desired  product,  it  is  felt  that 

intermediates  in  the  preparation  of  this  sulfone  have 

sufficiently  different  physical  characteristics  from  those 

found  in  the  literature  to  warrant  their  inclusion: 

24 

2-allylmercaptoethanol,  b.p.  84-87°/9» 9-10.0  mm,  n^  » 
1.5056.  Analysis  calculated  for  C^H^qOS:  C,  50.80%; 

H,  8.53%;  0,  13.54%.  Found:  C,  50.80%;  H,  8.70%;  0, 

15.54%.  Lit.  (17),  b.p.  90-92 °/l 2 mm,  n « 1.5079.  2- 

acetoxyethyl  allyl  sulfide,  h.p.  79-82 °/4. 95-5*00  mm,  n^1  = 

I. 4786.  Analysis  calculated  for  0r7HTL2°2S:  0,  52.49%; 

H,  7.55%;  S,  20.02%.  Found:  0,  52.55%;  H,  7.71%;  S, 

20.18%.  Lit.  (17),  b.p.  94.5-96°/12  mm,  n = 1.4824. 
Experimental  difficulties  prevented  purification  of  the 
2-acetoxyethyl  allyl  sulfone,  which  boiled  at  about 
120°/0.04  mm. 

The  desired  reaction  of  2-hydroxyethyl  allyl  sulfide 
with  p-toluene  sulfonyl  chloride  to  give  a tosyl  ester  (16) 
did  not  occur;  instead,  the  -OH  was  replaced  by  -Cl  to  give 
0.05  mole  (6.83  g),  a yield  of  29.6%,  of  2-chloroethyl  allyl 
sulfide,  b.p.  72-72.2/20-20.2  mm,  n^1  » 1.5054.  Analysis 
calculated  for  C^HgSCl:  C,  43.96%;  H,  6.64%;  S,  23.47%. 

Found:  C,  44.12%;  H,  6.84%;  S,  23.46%.  Lit.  (17),  b.p. 

67.5-69°/12  mm,  njj  = 1.5078. 

At  this  point  it  was  decided  to  proceed  through  the 


half-mustard  gas. 
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D.  Diallyl  sulfone 

Oxidation  of  commercially  obtained  diallyl  sulfide, 
using  hydrogen  peroxide  in  an  acetic  acid  medium  according 
to  the  procedure  of  Backer  et  al.  (18),  gave  the  sulfone, 

b.p.  97-101 °/2  mm,  n^°  = 1.4893,  d^°  = 1.1202;  lit.  (19), 

b.p.  109°/3  mm,  n^°  = 1.4893,  d^°  = 1.1215. 

E.  Vinyl  3-butenyl  sulfone 
1.  Successful  route 

The  synthesis  of  this  sulfone  comprised  four  steps: 
the  preparation  of  2-hydroxy  ethyl  3-butenyl  sulfide,  2- 
chloroethyl  3-butenyl  sulfide,  2-chloroethyl  3-butenyl 
sulfone  and,  finally,  vinyl  3-butenyl  sulfone. 

2-Hydroxyethyl  3-butenyl  sulfide  was  prepared 
according  to  the  procedure  of  Fehnel  and  Carmack  (20) : 
the  sodium  mercaptide  of  1.0  mole  (78.13  g)  of  2-mercapto- 
ethanol  reacted  with  1.0  mole  (135*0  g)  of  l-bromo-3-butene 
(prepared  according  to  the  procedure  of  Juvala  (21))  to 
give,  after  fractional  distillation  through  a one  foot 
heated  column  packed  with  extruded  packing,  0.549  moles 
(72.5  s) , a yield  of  54.9%,  of  a colorless  liquid,  b.p. 
74.8-75°/2.4-2.5  mm,  n^* ^ = 1.4985.  Analysis  calculated 
for  C6H120S:  C,  54.50%;  H,  9.15%;  0,  12.10%.  Found: 

C,  54.38%;  H,  9.18%;  0,  12.31%. 
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2-Chloroethyl  3-butenyl  sulfide  was  prepared 
according  to  the  method  of  Hurd  and  Fowler  (22) : a pyridine 

solution  of  0.336  mole  (44.36  g)  of  2-hydroxyethyl  3-butenyl 
sulfide  reacted  with  0.406  mole  (48.2  g)  of  thionyl  chloride 
to  give,  after  fractional  distillation  through  a one  foot 
heated  column  packed  with  extruded  packing,  0.202  mole 
(50.30  g),  a yield  of  62.0%,  of  a clear,  colorless  liquid, 
b.p.  76-78°/8  mm,  n^9  = 1.5006.  Analysis  calculated  for 
c6H11S01s  °»  ^7.82%;  H,  7.56%;  01,  23.53%;  S,  21.27%. 

Found:  C,  47.87%;  H,  7.48%;  01,  23.46%;  S,  21.54%. 

Oxidation  of  the  sulfide  with  hydrogen  peroxide 
according  to  Pomerantz  and  Connor  (23)  gave  a material 
which  was  not  characterized,  but  was,  instead,  dehydro- 
halogenated  in  an  impure  state:  the  solvent  was  removed 

under  water  vacuum  and  the  residue  dried  over  anhydrous 
sodium  sulfate. 

Vinyl  3-butenyl  sulfone  was  prepared  according  to 
the  method  of  Alexander  and  McCombie  (24):  approximately 

0.2  mole  (based  on  the  0.2  mole  of  2-chloroethyl  3-butenyl 
sulfide  oxidized)  of  2-chloroethyl  3-butenyl  sulfone 
reacted  with  0.21  mole  (21.2  g)  of  triethylamine  in  dry 
benzene  to  give,  after  bulb-to-bulb  distillation,  0.0976 
mole  (14.27  g),  a yield  of  48.8%,  of  vinyl  3-butenyl 
sulfone,  b.p.  69-70°/0.05  mm,  n^9*5  - 1.4808,  dj;9*5  = 1.1085. 
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Analysis  calculated  for  CgH^C^S:  C,  4-9.29%;  H,  6.90%; 

3,  21.93%.  Found:  C,  4-9.16%;  H,  6.81%;  S,  21.69%. 

Reduction  at  atmospheric  pressure,  using  5%  rhodium  on 
carbon  catalyst,  of  0.174-6  g (1.20  mM)  of  the  sulfone 
required  53.8  ml  (2.4-0  mil)  of  hydrogen  gas  at  STP  (53*6  ml 
calculated). 

2.  Unsuccessful  routes 

Again  wishing  to  avoid  a half-mustard  gas,  inter- 
mediate in  the  above  preparation,  two  routes  to  the  sulfone 
were  originally  essayed:  pyrolysis  at  515°  of  2-acetoxy- 

ethyl  4— acetoxybutyl  sulfone  and  decomposition  in  alcoholic 
potassium  hydroxide  solution  of  the  tosyl  ester  of  2- 
hydroxyethyl  3-butenyl  sulfone.  Methods  of  preparation 
and  physical  constants  of  intermediates  to  the  unsuccess- 
fully pyrolyzed  2-acetoxyethyl  4— acetoxybutyl  sulfone  follow. 

2-Hydroxy ethyl  4— acetoxybutyl  sulfide  was  prepared 
according  to  the  procedure  of  Fehnel  and  Carmack  (20): 
the  sodium  mercaptide  of  1.0  mole  (78.15  g)  of  2-mercapto- 
ethanol  reacted  with  1.0  mole  (150.6  g)  of  4— chlorobutyl 
acetate  (25)  to  give  0.163  mole  (31.4-1  g),  a yield  of  16.3%» 
of  a clear,  liquid,  b.p.  106-110°/0.07-0.08  mm,  n^°  - 1.4-852. 
Analysis  calculated  for  CqH-j^O^S:  C,  4-9.96%;  H,  8.39%; 

0,  24-. 96%.  Found:  C,  4-9. 4-9%;  H,  8.02%;  0,  24.13%. 

2-Acetoxy ethyl  4— acetoxybutyl  sulfide  was  prepared 
according  to  the  procedure  of  Clayton  and  Reid  (26): 
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2-hydroxyethyl  A—  acetoxybutyl  sulfide  (0.250  mole,  48.07  g) 
reacted  with  acetic  anhydride  (0.500  mole,  30.2  g)  to  give, 
after  distillation  through  a one  foot  heated  column  packed 
with  protruded  packing,  0.225  mole  (52.6  g),  a yield  of 
89 .7%»  of  a clear  fluid,  b.p.  104-107°/0.05-0.06  mm,  hjp  = 
1.4693.  Analysis  calculated  for  cioH18°4S!  C,  51*26%; 

H,  7*74%;  0,  27.32%.  Founds  C,  51*36%;  H,  7*56%;  0, 

27*27%. 

Experimental  difficulties  prevented  the  purification 

of  2-acetoxyethyl  4-acetoxybutyl  sulfone  (23),  an  impure 

sample  of  which  boiled  at  approximately  150°/0.04  mm. 

The  attempted  preparation  of  a tosyl  ester  via  the 

reaction  (17)  of  2-hydroxyethyl  3-butenyl  sulfone  and 

p-toluene  sulfonyl  chloride  failed;  instead,  14.19  g of  a 

Pn 

clear  liquid,  b.p.  73-75°/8. 5-9.0  mm,  n^  = 1.5000, 
resulted.  Analysis  calculated  for  2 -chi oro-3-but enyl 
sulfide,  C6Hi;l3C1:  C,  47.82%;  H,  7.36%;  S,  21.27%.  Found: 

C,  48.85%;  H,  7*92%;  S,  21.70%. 

F.  Allyl  3-t>utenyl  sulfone 

Allyl  3-butenyl  sulfide  was  prepared  by  the  procedure 
of  Fehnel  and  Carmack  (20):  the  sodium  mercaptide  of  0.25 

mole  (18. 5 g)  of  allyl  mercaptan  reacted  with  0.25  mole 
(33*75  g)  of  l-bromo-3-butene  (21)  to  give,  after  distil- 
lation through  a 23  plate  spinning  band  column,  0.0628  mole 


10 


(8.05  g)»  a yield  of  25.3%,  of  a clear  liquid,  b.p.  84- 
86.5°/64-65  mm,  n22*9  » 1.4836.  Analysis  calculated  for 
C7H12S:  C,  65.63%;  H,  9.45%;  S,  25.03%.  Founds  C, 

65.61%;  H,  9.45%;  S,  25.06%. 

Allyl  3-butenyl  sulfone  was  prepared  according  to 
the  procedure  of  Pomerantz  and  Connor  (23) s the  oxidation 
of  0.153  mole  (19.6  g)  of  the  corresponding  sulfide  with 
30%  hydrogen  peroxide  gave,  after  hulh-to-hulh  distillation, 
9.0  g (0.0562  mole),  a yield  of  36.8%,  of  a colorless 
liquid,  b.p.  82-84°/0.05  mm,  n20  * 1.4856,  d20  - 1.0876. 
Analysis  calculated  for  GyH.^2®2Si  c*  52.48%;  H,  7* 55%; 

S,  20.01%.  Founds  C,  52.78%;  H,  7.54%;  S,  20.31%. 

Reduction  at  atmospheric  pressure,  using  82.5%  platinum 
oxide  catalyst,  of  0.1464  g (0.914  mM)  of  the  sulfone 
required  40.4  ml  (1.80  mli)  of  hydrogen  gas  at  STP  (41.0 
ml,  calculated). 

G.  Di-3-butenyl  sulfone 

Di-3-butenyl  sulfide  was  prepared  according  to  Butler 
and  Price  (27)  and  had  the  following  physical  constants s 
b.p.  75-76°/17  mm,  n^9  = 1.4800;  lit.,  b.p.  78-80°/17  mm, 
n25  = 1.4825. 

Di-3-butenyl  sulfone  was  prepared  according  to 
Pomerantz  and  Connor  (23):  di-3-butenyl  sulfide  (0.150 

mole,  21.4  g)  reacted  with  an  excess  of  30%  hydrogen 
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peroxide  to  give,  after  bulb-to-bulb  distillation,  0.096 
mole  (16. 72  g),  a yield  of  64.1%,  of  a clear  liquid,  b.p. 
89-91 °/0. 04  mm,  n^0*^  = 1.4823,  <^°‘b  = 1.0633.  Analysis 
calculated  for  CgH-^OgS:  C,  55.15%;  H,  8.10%;  S,  18.37%. 

Pound:  C,  54.73%;  H,  8.21%;  S,  18.67%.  Reduction  at 

atmospheric  pressure,  using  82.5%  platinum  oxide  catalyst, 
of  0.1569  g (0.901  mM)  of  the  sulfone  required  40.2  ml 
(1.80  mM)  of  hydrogen  gas  at  STP  (40.3  ml,  calculated). 


CHAPTER  III 


SPECTRAL  EXAMINATION  OP  THE  SULFONES 

A.  General 

When  the  present  investigation  was  undertaken,  it 
was  considered  desirable  to  determine  whether  the  sulfones 
showed  any  signs  of  homoconjugation.  Accordingly,  IR  and 
UV  spectra  were  run,  and  specific  exaltations  were  calcu- 
lated. 

The  IR  spectra  were  run  on  two  instruments:  a 

Perkin-Elmer  221  and  a Beckman  IR-5a.  The  former  was  used 
to  obtain  higher  resolution  spectra  of  the  sulfones  in 
the  5. 5-9.25/^  region;  the  latter  was  used  to  obtain  survey 
spectra  in  the  2-1^-  region. 

Because  of  the  unavailability  in  this  laboratory  of 
far  UP  spectrophotometer,  attempts  were  made  to  have  UV 
spectra  in  the  165-250  region  run  commercially;  the 
attempts  failed.  Accordingly,  the  UV  phase  of  the  investi- 
gation had  to  be  abandoned. 

The  refractive  indices  of  the  several  sulfones,  both 
pure  and  in  dioxane  solution,  were  obtained  using  a Bausch 
and  Lomb  Abbe  3^  Refract ometer.  Densities  were  obtained 
using  an  A.  H.  Thomas  Gay-Lussac  type  specific  gravity 
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bottle  of  1 ml  capacity.  The  refractive  indices  and 
densities  were  all  taken  in  a constant  temperature  room  at 
20°  + 2.  An  effort  was  made  to  determine  as  nearly 
simultaneously  as  possible  the  refractive  index  and  density 
of  each  sample. 

Because  of  the  apparent  differential  exaltation 
observed,  NMR  spectra  of  the  sulfones  were  run:  they  were 

obtained  using  a Varian  V-4302  High  Resolution  Nuclear 
Magnetic  Resonance  Spectrometer.  All  of  the  interpreta- 
tions were  made  by  Dr.  W.  S.  Brey  and  his  co-workers. 

B.  Infrared  region 

The  Perkin-Elmer  221,  containing  the  sodium  chloride- 
prism  grating  interchange,  was  operated  under  the  following 
conditions:  slit  program,  900  (lx);  attenuation,  10.0; 

source  current,  0.40  a.  The  gain  was  set  higher  than  is 
usual  and  the  spectrum  was  recorded  at  a speed  permitting 
one  to  assign  the  counter  wavelength  of  maximum  absorption 
to  the  peaks.  The  Beckman  IR-5a  was  operated  at  standard 
settings  of  gain,  etc.  All  samples  were  run  as  films 
between  sodium  chloride  plates. 

The  Perkin-Elmer  221  was  used  to  examine  the  5*5- 
9.25/*'  region,  which  contains,  at  approximately  6.1/*-, 
the  C=*C  stretching  wavelength,  and  the  7.6/*'  and  8.8/*- 
S— 0 stretching  wavelengths.  No  trend  which  could  be 
attributed  to  across  space  conjugation  was  discernable. 


Below  are  recorded  the  wavelengths  of  the  IR 
absorption  peaks  and  their  corresponding  relative  heights 
for  the  six  sulfones.  Abbreviations  used  for  peak  heights 
are:  V.W. , very  weak;  W. , weak;  M. , medium  and  S. , strong. 

Those  wavelengths  given  to  two  decimal  places  are  accurate 
to  0.01  (as  determined  with  a standard  polystyrene  film) ; 
other  wavelengths  are  accurate  to  0.05^c. 

TABLE  1 


DI  VINYL  SULFONE 


A (in^O 

Relative  Height 

3.2 

V. 

4.4 

V.W. 

5.1 

V.W. 

5.84 

V.W. 

6.19 

w. 

7.25 

M. 

7.62 

s. 

7.99 

M. 

8.85 

S. 

9.8 

M, 

10.2 

M. 

12.8 

S. 

14.0 

M. 
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TABLE  2 


VINYL  ALLYL  SULFONE 


A(in^) 


Relative  Height 


5.73 

6.08 

6.19 
7.03 

7.20 
7.62 
7.99 
8.38 
8.86 
9.26 
9.8 

10.1 

10  .£ 

11.4 

12.5 
12.9 

13.5 
14.4 


W. 

W. 

V.W. 

W. 

V.W. 

w. 

w. 

s. 

w. 

w. 

s. 

w. 

M. 

M. 

M. 

W. 

M. 

w. 

M. 

M. 


TABLE  3 

DI ALLYL  SULFONE 


Relative  Height 


3.4 

6.08 

7.02 

7.15 

7.60 

7.73 

7.98 

8.36 

8.84 

9.23 

10.1 

10.6 

11.5 

12.7 


W. 

W. 

W. 

W. 

S. 

M. 

W. 

W. 

S. 

M, 

M. 

M. 

W. 

W. 
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TABLE  4 

ALLYL  BUTENYL  SULFONE 


A(in^) 

Relative  Height 

3.2 

V. 

3.4 

W. 

5.4 

v.w. 

5.6 

v.w. 

6.08 

M. 

6.91 

W. 

7.03 

M. 

7.61 

S. 

7.63 

S. 

7.75 

S. 

8.01 

W. 

8.34 

W. 

8.84 

s. 

9.24 

M. 

10.0 

M. 

10.7 

M. 

11.3 

M. 

13.8 

W. 

TABLE  5 


DI BUTENYL  SULFONE 


Relative  Height 


3.2  W. 

3.4  W. 

5.83  W. 

6.06  M. 

6.93  M. 

7.08  W. 

7.65  S. 

7.89  S. 

8.10  W. 

8.41  W. 

8.86  S. 

9.2  W. 

10.0  M. 

10.9  M. 

12.2  M. 
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TABLE  6 


VINYL  BUTENYL  SULFONE 


A ( in  juu) 


Relative  Height 


3.2 

3.4 

6.08 

6.18 

6.93 

7.21 

7.64 

8.12 

8.43 

8.85 

9.22 

9.8 

10.8 

12.3 

15.2 

13.8 


V. 

W. 
M. 

V.W 

W. 

M. 

S. 

W. 

w. 

s. 

M. 

M. 

M. 

M. 

M. 

M. 


C.  Visible  region 

Tbe  molar  refraction  of  a compound  is  given  by  the 
familiar  Lorentz-Lorenz  equation  (28) , 


(where  n = refractive  index,  M = molecular  weight,  and 
d = density),  the  value  of  [R]  depending  only  upon  the 
wavelength  of  light  used  in  measuring  the  refractive  index. 
Although  theoretically  it  would  be  preferable  to  use  light 
of  a wavelength  great  enough  to  include  the  effects  of 
nuclear  motion  but  exclude  the  effect  of  permanent  dipole 
orientation,  in  which  case  the  molar  refraction  would 


-1 
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represent  the  actual  molar  volume,  experimental  diffi- 
culties involved  in  the  use  of  very  long  wavelength  light, 
e.g, , infrared,  make  necessary  a compromise:  light  of 

some  definite,  shorter  wavelength  is  used  (frequently,  the 
sodium  D line),  Furthermore,  the  molar  refraction,  if 
measured  using  light  of  very  long  wavelength,  would  be 
equal  to  the  sum  of  the  requisite  atomic  and/or  structural 
refraction  equivalents  similarly  determined;  because  it  is 
not  so  measured,  the  equality  is  only  approximate. 

In  addition  to  the  effect  on  the  equality  caused  by 
measuring  the  refractive  index  at  a wavelength  shorter  than 
that  approaching  infinite  wavelength,  another  factor 
affects  the  absolute  value  of  the  difference  between  the 
observed  and  the  calculated  molar  refractions:  anomalous 

refractive  dispersion. 

The  index  of  refraction  of  a medium,  measured  at  a 
single  wavelength,  is  given  by  the  equation  (28) 

, a 

n » 1 + — 3 7 » 

o£  - * 

where  a = a constant,  Q = the  characteristic  frequency  of 
the  oscillator  and  = the  frequency  of  the  single  wave- 
length. As  long  as 

o * 

the  refractive  index  does  not  change  appreciably  with  a 


19 


change  in  i)  • However,  in  the  vicinity  of  an  absorption 
hand  of  the  molecule 


and  the  refractive  index  begins  to  increase  rapidly, 
resulting  in  the  above-named  anomaly.  Saturated  organic 
molecules,  and,  to  a first  approximation,  molecules  not 
containing  a conjugated  system  of  double  bonds,  do  not 
exhibit  the  anomaly  (also  called  optical  exaltation), 
because  the  absorption  bands  of  such  molecules  are  in  the 
far  UV.  Thus,  exaltation  suggests  itself  as  a means  of 
determining  whether  a molecule  contains  a system  of 
conjugated  double  bonds. 

In  the  present  study,  the  molar  refraction  referred 
to  the  sodium  D line  (hereinafter  called  MRD)  of  each 
sulfone  was  calculated  from  the  corresponding  experimentally 
determined  index  of  refraction  and  density,  using  the 
Lorentz-Lorenz  equation.  Then,  using  the  sodium  D line 
carbon,  hydrogen  and  double  bond  refraction  equivalents  of 
Eisenlohr  (28)  and  the  helium  line  sulfone  group  refraction 
equivalent  of  Strecker  and  Spitaler  (29),  the  MRD  of  each 
sulfone  was  calculated.  Finally,  the  exaltation  (E)  and 
the  specific  exaltation  ( Z E)  (30)  of  each  sulfone  were 
calculated  according  to  the  equations  below: 
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E = MRD 


exp. 


- MRD 


calc. 


ZE 


E x 100 

' TOT" 


The  sodium  D line  refractive  index,  density, 
experimentally  determined  MRD,  calculated  MRD,  exaltation 
and  specific  exaltation  of  each  sulfone  are  given  in  Table 

7. 

From  the  table,  the  empirical  nature  of  MRD  calcu- 
lations becomes  evident;  the  optical  depressions  (31) 
suffered  by  Nos.  1,  2,  5 and  6 are  difficult  to  explain. 
Perhaps  they  can  be  rationalized  as  being  due  to  an  im- 
precise sulfone  group  refraction  equivalent.  In  any  case, 
the  E values  show  a definite  maximum  corresponding  to 
No.  3,  diallyl  sulfone.  That  the  maximum  is  affected  by 
molecular  weight  is  shown  by  the  XE  values,  which  show  a 
smaller  maximum.  A graph  of  the  specific  exaltation 
suffered  by  each  sulfone  is  given  in  Figure  1. 

Despite  the  relatively  greater  exaltation  evidenced 
by  the  diallyl  sulfone,  considerable  doubt  as  to  the 
validity  of  the  results  remained:  structural  conclusions 

drawn  from  MRD  calculations  most  frequently  involve 
exaltations  greater  than  one  unit.  Therefore,  it  was 
necessary  to  effect  an  increase,  in  some  way,  in  the  magni- 
tude of  the  observed  exaltations  to  the  extent  that  they 
would  no  longer  be  in  the  realm  of  experimental  error. 


VALUES  LEADING  TO  EXALTATIONS  EXHIBITED  BY  THE  PURE  SULEONES 
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Fig.  1. -Specific  exaltations  of  pure  sulfones 
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According  to  Glasstone  (32),  the  relation  between 
the  experimentally  determined  molar  refraction  [R]^  2 
a mixture  of  x^  mole  fractions  of  a substance  of  molecular 
weight  and  x2  mole  fractions  of  a substance  of 
molecular  weight  M2  is  given  by 


[B] 


1.2 


n2-l 


+ *a“2 

7 


where  n and  p refer  to  the  mixture.  The  molar  refraction 
is  also  equal  to  the  sum  of  the  contributions  of  the 
constituents,  or 


[R]l  2 » x1CR]1  + x2CH]2 

Thus,  if  the  molar  refraction  of  one  of  the  constituents 
is  known,  and  the  molar  refraction  of  the  mixture  is 
determined,  calculation  of  the  molar  refraction  of  the 
other  constituent  is  possible. 

Reasoning  that  any  existing  intramolecular  conjuga- 
tion is  decreased  to  the  extent  that  proximate  double  bonds 
in  other  molecules  interfere,  the  decision  was  made  to 
determine  whether  diallyl  sulfone  (chosen  because  it  showed 
the  greatest  exaltation)  showed  any  change  in  exaltation 
with  decreasing  concentration.  Accordingly,  five  solutions 
of  diallyl  sulfone  in  dioxane  were  made  and  the  density  and 
refractive  index  of  each  determined.  Use  of  the  equations 
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above  and  an  MRD  for  dioxane  (n^°  * 1.4224  and  d^  » 

1.0338)  of  21.676  gave  the  results  shown  in  Tables  8 and  9» 
The  curve  resulting  from  plotting  2LE  values  vs  x^  values 
is  shown  in  Figure  2. 

Three  factors  influenced  the  next  decision  made, 
which  was  to  compare  the  exaltations  exhibited  by  1.5  mole 
per  cent  solutions  of  the  sulfones  in  dioxane: 

1.  The  increasing  experimental  difficulties  encountered 
in  preparing  ever  more  dilute  solutions  of  diallyl  sulfone 
in  dioxane. 

2.  The  decreasing  supply  of  two  of  the  sulfones. 

3.  The  lack  of  any  indication  that  the  exaltation 
suffered  by  diallyl  sulfone  was  approaching  a limiting 
value. 

Accordingly,  an  approximately  1.5  mole  per  cent 
solution  of  each  sulfone  in  dioxane  was  prepared  and  the 
density  and  refractive  index  thereof  measured.  Then,  using 
the  requisite  equations  above,  the  MRD  (exp.),  E,  and  ZE 
values  of  each  sulfone  were  calculated.  The  results  are 
given  in  Tables  10  and  11.  Figure  3 is  a graph  of  the  ZE 
values  given  in  these  tables. 

That  the  differential  exaltation  exhibited  by 
diallyl  sulfone  in  Figure  3 can  no  longer  be  considered 
as  possibly  due  to  experimental  error  seems  clear.  What 
is  not  clear  is  its  cause.  Unfortunately,  the  exaltation 


CONCENTRATIONS:  SOLUTIONS  OF  DIALLYL  SULFONE  IN  DIOXANE 


25 


© 

fl 

O 

•H 

•P 

O 

IN 

CO 

O' 

O 

KN 

cO 

rH 

o 

KN 

rH 

m 

o 

o 

d 

IN 

00 

O 

• 

KN 

0 

m 

0 

ON 

0 

ON 

0 

ON 

0 

© 

o 

O 

o 

o 

c 

o 

iH 

O 

a 

0) 

c-l 

CO 

CVJ 

X 

© 

ON 

CM 

d 

IN 

Co- 

o 

© 

ON 

o 

ON 

(N 

co 

•H 

rH 

CM 

o 

CM 

CM 

CD 

O 

O 

1 

O 

•H 

CM 

CM 

m 

a 

1 

O 

O 

O 

O 

o 

• 

0 

0 

0 

0 

o 

o 

o 

O 

o 

© 

IN 

o 

tN 

d 

ON 

a 

KN 

KN 

O 

cD 

ON 

s 

1 

CD 

00 

CM 

Q 

o 

6 

1 

CM 

00 

O 

O 

o 

taO 

0 

0 

0 

0 

• 

O 

o 

CM 

CM 

in 

© 

fl 

o 

•H 

-P 

CO 

(N 

O 

KN 

£N 

rH 

O 

tN 

cO 

00 

ON 

•D 

ON 

d 

k 

ON 

ON 

in 

CM 

r — t 

o 

• 

CD 

• 

d 

0 

o 

0 

O 

0 

O 

• 

© 

rH 

O 

O 

o 

o 

o 

rH 

O 

© 

a 

fl 

o 

«H 

r — l 

fl 

KN 

ra 

CD 

CD 

in 

o 

CM 

© 

CM 

CO 

CD 

00 

in 

i — i 

© 

ON 

ON 

KN 

CD 

CO 

rH 

CD 

ON 

rH 

O 

o 

rH 

o 

i 

O 

o 

O 

O 

o 

a 

i 

O 

• 

o 

0 

O 

0 

O 

0 

o 

0 

•H 

o 

o 

o 

o 

o 

© 

m 

ON 

CD 

d 

CD 

s 

CM 

ON 

ON 

O' 

d 

Co 

i 

rH 

in 

O' 

ON 

CM 

u 

i 

o 

d 

rH 

o 

r — l 

&0 

0 

0 

0 

0 

• 

rH 

rH 

O 

o 

o 

26 


TABLE  9 

SOLUTIONS  OF  DIALLYL  SULFONE  IN  DIOXANE: 
VARIATION  OF  EXALTATION 


X^Csul- 
f one-) 

nD 

* t 
d4 

[R]x 

E 

E 

1.0 

1.489620 

1.120220 

37.71 

0.13 

0.09 

0.6983 

1.476321 

1.104621 

37.71 

0.13 

0.09 

0.4997 

1.465021 

1.089621 

37.78 

0.20 

0.14 

0.05618 

1.428321 

1.041121 

37.97 

0.39 

0.27 

0.0290 

1.425421 

1.036021 

39.18 

1.60 

1.10 

0.01477 

1.424021 

1.033921 

40.97 

3.39 

2.32 

3.o 


Fig.  2. -Variation  of  the  specific  exaltation  of 
diallyl  sulfone  as  a function  of  concentration. 


CONCENTRATIONS:  SOLUTIONS  OP  THE  SULFONES  IN  DIOXANE 
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Pig.  3 •-Specific  exaltations  of  solutions  of 
the  sulfones  in  dioxane. 
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cannot  "be  attributed  unequivocally  to  across-space  homo- 
conjugation. Indications  are,  from  MR  data  (33) » that 
the  exaltation  may  he  due  to  intramolecular  hydrogen 
bonding.  Whatever  the  cause,  according  to  Fajans  (3*0* 
"extensive  experimental  evidence  concerning  the  molar 
refraction  of  inorganic  and  organic  substances  leads  to 
the  conclusion  that  derivations  from  additivity  of  the 
Lorentz-Lorenz  equation  can  be  considered  as  an  indication 
and  measure  of  changes  in  the  electronic  systems  involved. 
These  changes  are  due  to  intra-  and  intermolecular  inter- 
actions between  the  parts  of  the  system. " 

Very  few  literature  references  for  alkenyl  sulfones 
giving  both  the  refractive  index  and  the  density  could  be 
found.  Price  and  Gillis  (35)  reported  methyl  allyl 
sulfone  and  methyl  vinyl  sulfone  as  having  MRD  values  of 
28.92  and  24.17,  respectively,  from  which  derive  ZE  values 
of  0.09  and  -0.02.  Pope  et  al.  (15)  prepared  vinyl  allyl 
sulfone  and  2-chloroethyl  allyl  sulfone,  which  had  Z E 
values  of  -0.02  and  0.01,  respectively.  These  values 
appear  to  confirm  Figure  1,  page  22. 

The  literature  was  searched  in  vain  for  series  of 
dienes  (preferably,  all  prepared  by  the  same  person)  showing 
a differential  exaltation  analogous  to  the  sulfone  series. 
Pentadiene-1,4  (35),  hexadiene-1,5  (36) , and  heptadiene-1 ,6 
(37)  had  calculated  ZE  values  of  0.0,  0.07,  and  -0.15, 
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respectively.  Di vinyl  ether  (38),  vinyl  allyl  ether  (39), 
and  diallyl  ether  (40)  had  Z S values  of  0.79,  0.18  and 
-0.80,  respectively. 

In  any  case,  further  work  with  other  similar,  hut 
non-hydrogen  bonding,  series  seems  appropriate.  If  it 
develops  that  such  series  show  a similar  pattern  of 
exaltation  changes,  perhaps  it  xtfill  also  be  possible  to 
correlate  the  degree  of  cyclopolymerization  of  a given 
monomer  with  its  iLE  vs  concentration  curve. 

D.  Nuclear  magnetic  resonance  spectra 

Because  the  optical  exaltations  exhibited  by  the 
sulfones  could  not  unequivocally  be  attributed  to  across- 
space  homoconjugation,  NMR  spectra  thereof  were  run  and 
information  of  a preliminary  nature  was  obtained. 

In  Table  12  are  listed  the  chemical  shifts  of  the 
A,  B,  C,  D and  E hydrogens  of  n-hexene-1.  Also  listed 
are  the  chemical  shifts  found  for  the  corresponding  hydrogens 
of  the  vinyl,  allyl  and  butenyl  groups.  The  difference 
between  the  chemical  shift  for  the  A hydrogen  of  n-hexene-1 
and,  for  example,  the  A hydrogen  of  the  vinyl  group  (from 
the  table,  equal  to  1.05  ppm)  is  caused  by  the  sulfone 
group. 

Examination  of  Table  12  shows  an  effect  on  the  allyl 
c< -hydrogen  chemical  shift  (1.75  ppm)  which  is  larger  than 
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TABLE  12 

PROTON  CHEMICAL  SHIFTS  OF  THE  SULFONES 


V /a 

c = c 

H-o  CH0— CH0— 30o" 

B D2  E2  2 


STANDARD: 

A 

B 

c 

D 

E 

n-hexene-1 

4.25 

5.05 

5.13 

7.97 

8.75- 

Vinyl 

observed 

shift 

3.20 

3.90 

3.90 

— 

—— 

Type 

t 3 

p 

1.05 

1.15 

1.23 

Allyl 

observed 

shift 

4.15 

4.60 

4.60 

6.22 

— 

Type 

p 

X 

2 

oC 

0.10 

0.45 

0.53 

1.75 

Butenyl 

observed 

shift 

4.18 

4.95 

5.00 

6.99 

7.52 

Type 

X 

€ 

S 

fi 

e*. 

0.07 

0.10 

0.13 

0.98 

1.23- 

, f3  • etc.,  to  the  sulfone  group. 
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the  corresponding  effect  on  the  vinyl  or  butenyl  groups 
(1.05  ppm  and  1.23  ppm,  respectively). 

It  appears  significant  that  the  double  bond  and  the 
sulfone  group,  acting  in  concert  on  the  -hydrogens  of 
the  allyl  group,  give  rise  to  a chemical  shift  which  cannot 
be  explained  as  a merely  additive  effect.  Additionally, 
comparison  shows  the  effect  on  the  2$ -hydrogen  chemical 
shifts  (0.45  ppm  and  0.53  ppm)  to  be  considerably  larger 
than  the  effect  on  the  corresponding  butenyl  shift  (0.07 
ppm).  It  is  not  clear  just  what  factor(s)  explains  these 
shifts,  though  perhaps  intramolecular  hydrogen  bonding 
figures  in  the  explanation.  Such  an  idea  is  not  unreason- 
able in  view  of  the  observed  increased  exaltation.  It  is 
important  to  note  that  the  anomalous  shifts  found  for  the 
allyl  group  are  present  irrespective  of  the  other  group 
attached  to  the  sulfone;  thus,  homoconjugation  would  appear 
to  be  ruled  out. 


CHAPTER  I? 


SULFONE  POLYMERS 

A.  General 

The  postulate  that  the  sulfone  showing  the  greatest 
differential  exaltation  should  show  the  greatest  tendency 
to  cyclopolymerize  led  to  the  attempted  co-  and/or  homo- 
polymerization  of  three  members  of  the  series:  vinyl  allyl 

sulfone,  diallyl  sulfone,  and  vinyl  butenyl  sulfone. 

Originally,  no  particular  difficulty  in  homo- 
polymerizing  diallyl  sulfone  was  expected  because  of  its 
supposed  similarity  to  the  diallyl  quaternary  ammonium  salts. 
Thus,  the  earliest,  unsuccessful  attempts  were  varied  only 
by  changing  the  solvent  system  and  the  concentration  of 
initiator.  When  an  attempt  to  polymerize  diallyl  sulfone 
using  no  solvent  and  about  4-  weight  per  cent  initiator 
failed,  it  was  at  last  recognized  that  polymerization  of 
any  of  the  sulfones  might  not  be  as  straightforward  as 
originally  anticipated.  However,  vinyl  allyl  sulfone  did 
homo-polymerize  using  dimethyl  formamide  (hereinafter  called 
DMF)  as  the  solvent  and  azobisisobutyrlnitrile  as  the 
initiator  to  give  a IMF-soluble  product. 
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In  addition  to  the  preparation  of  the  abovementioned 
homo-polymer,  several  soluble  co-polymers  were  prepared: 
diallyl  sulfone-acrylonitrile,  vinyl  allyl  sulf one-maleic 
anhydride,  and  vinyl  butenyl  sulf one-maleic  anhydride. 

Only  the  first  was  subjected  to  viscosity  measurements:  it 

had  an  intrinsic  viscosity  of  0.0772. 

IR  spectra  of  the  polymers  indicated  that  as 
polarization  of  a double  bond  by  the  sulfone  group  decreased 
in  going  from  vinyl  to  allyl  to  butenyl  sulfone,  the 
reactivity  of  that  double  bond  toward  free  radicals  and 
hence  polymerization  decreased.  IR  also  showed,  in  the 
case  of  the  polymerization  of  vinyl  allyl  sulfone,  not  only 
that  the  vinyl  group  would  propagate  the  chain,  but  also 
that  the  remaining  allyl  group  would  not  cross-link  to 
adjacent  chains,  in  distinct  contrast  to  the  second  allyl 
group  of  diallyl  sulfone,  which  did  react  primarily  to 
cyclopolymerize. 

3.  Attempted  homo-polymerization  of  diallyl  sulfone 

The  first,  abortive  attempt  to  prepare  a diallyl 
sulfone  homo-polymer  was  made  using  dimethyl  sulfoxide 
(referred  to  as  DMSO  hereinafter)  as  the  solvent  and  azo- 
bisisobutyrlnitrile  (hereinafter,  AB)  as  the  initiator. 
Diallyl  sulfone  (1.5124  g)  was  diluted  to  5 ml  with  DMSO 
(approximately  2M  solution)  and  0.0053  g of  AB  (approximately 
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°*5  weight  per  cent  of  monomer)  was  dissolved  therein, 
xhe  mixture  was  then  sealed  under  nitrogen  in  a 9 mm  ID 
tube  and  kept  at  50°  for  four  days.  Comparison  of  the 
tube  with  another  tube  containing  like  amounts  of  diallyl 
sulf one  and  DMSO  but  without  initiator  showed  no  apparent 
viscosity  change.  At  the  end  of  four  days,  the  tube  was 
opened  and  ether  was  added.  No  precipitate  formed. 
Subsequently,  the  experiment  was  repeated  twice,  changing 
only  the  initiator  concentration  (approximately  2 weight 
per  cent  and  5 weight  per  cent,  respectively)  and  the  time 
of  exposure  (51  days).  Again,  no  polymer  was  formed.  The 
third  and  fourth  attempts  were  made  using,  respectively, 
acetonitrile  and  DMF  as  solvents,  and  approximately  5 weight 
per  cent  AB  initiator.  No  polymer  was  formed  in  either 
attempt.  In  the  final  try,  0.5954  g of  diallyl  sulf one  and 
0.0257  g of  AB  were  heated  under  nitrogen  in  a test  tube 
immersed  in  a steam  bath.  The  temperature  of  the  mixture 
was  monitored  using  a thermometer  immersed  therein.  Periodic 
checks  of  the  temperature  for  eight  hours  showed  no 
temperature  rise  above  ambient;  the  liquid  did  not  change 
in  viscosity.  Conclusion:  no  polymer  formed. 

C.  Vinyl  allyl  sulf one  homo-polymer 

aHyl  sulf  one  was  successfully  homo— polymerized 
as  follows:  vinyl  allyl  sulfone  (2.8591  g)  and  AB  (0.0133  g. 


0.4-7  weight  per  cent  of  the  monomer),  diluted  to  5 ml  with 
DH3?  and  sealed  in  a tube  under  nitrogen,  gave,  after  thirty 
days  in  a constant  temperature  bath  at  50°,  0.64-92  g (22.7 
per  cent  conversion)  of  tan,  DMF-soluble  polymer,  precipi- 
tated from  the  DMF  after  opening  the  tube  by  adding  dry 
ether.  The  polymer  was  purified  by  twice  being  subjected 
to  this  cycle:  solution  in  DMF,  precipitation  therefrom 

with  dry  ether,  filtration.  Finally,  the  off-white  solid 
was  dried  at  50°  under  vacuum  for  24-  hours.  A comparison 
of  the  IR  spectrum  of  a Nujol  mull  of  the  polymer  with  the 
IR  spectrum  of  the  monomer  showed  the  following.  The  two 
strong  sulfone  peaks  shifted  from  7.6/^  and  8.8/*-  in  the 
monomer  to  7*7/*-  and  8.9 ^ in  the  polymer.  The  vinyl 
double  bond  peak  at  6.2/*.  in  the  monomer  was  absent  in  the 
polymer.  The  allyl  double  bond  peak  at  6.1/*-  in  the  monomer 
shifted  to  6.03/*-  in  the  polymer.  That  the  sulfone  peaks 
in  the  polymer  are  shifted  to  higher  wavelengths  can 
perhaps  be  explained  by  the  work  of  Bernard,  Fabian  and 
Koch  (4-1),  who  noted  that  a solid  sulfone  absorbs  at  a 
frequency  10-20  cm  ^ lower  than  its  solution  in  carbon 
tetrachloride.  The  shift  of  the  allyl  double  bond  peak  to 
a lower  wavelength  hints  at  greater  double  bond  character, 
and  hence  less  hydrogen  bonding  between  the  o( - hydrogens 
and  the  sulfone  oxygen.  In  any  case,  disappearance  of  the 
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vinyl  double  oond  peak  points  to  polymerization  through, 
the  vinyl  group. 

D.  Diallyl  sulfone  — acrylonitrile  co— polymer 

A DMF- soluble  co-polymer  of  diallyl  sulfone  and 
acrylonitrile  was  obtained  from  the  sealed  tube  reaction 
under  nitrogen  of  diallyl  sulfone  (2. 0410  g,  0.0140  moles) 
and  acrylonitrile  (0.6596  g,  0.0124  moles),  diluted  to 
5 ml  with  tetrabydrofuran  and  initiated  by  AB  (0.0128  g, 

0.47  weight  per  cent  of  the  monomer  present),  at  50°  for 
18  days.  A yield  of  0.2435  g (9%  conversion)  of  tan-colored 
polymer  was  obtained;  the  polymer  was  purified  by  the 
procedure  used  for  vinyl  allyl  sulfone.  Analysis  of  the 
co-polymer:  47.98%  C,  5.66%  H,  16.25%  S and  7.15%  N.  Mole 

ratio  of  sulfone  to  acrylonitrile,  calculated  from  the  per 
cent  sulfur  in  the  polymer:  1 to  0.958.  The  same  ratio, 

calculated  from  the  per  cent  nitrogen  in  the  polymer:  1 

to  0.976.  The  IR  spectrum,  run  on  a Nujol  mull,  showed 
in  addition  to  two  strong  sulfone  peaks  at  7,7/*-  and  8,9/*. 
and  a nitrile  peak  at  4.45/*-  * a very  small  double  bond  peak 
at  6.15/*.  . In  order  to  determine  whether  the  peak  could  be 
attributed  to  occluded  monomer,  the  polymer  was  extracted 
for  six  days  in  a Soxhlet  extractor  with  dry  ether:  there 

was  no  change  in  the  peak  height.  The  polymer  had  an 
intrinsic  viscosity  of  0.0772,  as  determined  using  a 
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Cannon-Ubbelohde  semi-micro  dilution  viscometer.  From  IR 
and  solubility  considerations,  it  would  appear  that  the 
polymer  formed  was  largely  cyclopolymerized,  containing 
but  few  pendant  allyl  groups. 

a.  Vinyl  allyl  sulfone  - maleic  anhydride  co-polymers 
In  an  effort  to  indicate  relative  reactivity  of 
the  comers,  vinyl  allyl  sulfone  and  maleic  anhydride  were 
co-polymerized  twice,  using  equivalent  and  equimolar 
amounts,  respectively.  Each  polymerization  was  carried 
out  in  a sealed  tube  under  nitrogen  at  50°  for  10  days. 

In  the  first  polymerization,  0.7456  g (0.00760  equivalents) 
of  the  anhydride  and  0.5116  g (0.00774  equivalents)  of  the 
sulfone  in  1.2498  g of  acetone  were  initiated  by  0.0049  g 
AB  (0.39  weight  per  cent  of  monomer  present),  giving 
0.1620  g (12.9%  conversion)  of  a DMF-soluble  tan  polymer 
which  was  purified  similarly  to  the  vinyl  allyl  sulfone 
polymer.  Analysis  of  the  co-polymer:  47.19%  c,  5.58%  H, 

1 . S,  N.E.  154.  Mole  ratio  of  sulfone  to  anhydride, 
calculated  from  the  per  cent  sulfur  in  the  polymer:  1 to 

1.71*  Molecular  weight  of  the  repeating  unit:  300. 

Molecular  weight  calculated  from  the  neutral  equivalent: 

508.  In  the  second  polymerization,  0.5022  g of  anhydride 
(0.00512  moles)  and  0.6763  g of  sulfone  (0.00512  moles)  in 
1.1853  S of  acetone  were  initiated  by  0.0052  g AB  (0.44 
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weight  per  cent  of  monomer  present)  giving  0.1010  g (8.6% 
conversion)  of  a DMF-soluble  tan  polymer  which  was  purified 
as  above.  Analysis  of  the  co-polymer:  47.32%  C,  5.65%  H, 

13.29%  S,  T.  171.  Mole  ratio  of  sulfone  to  anhydride, 
calculated  from  the  per  cent  sulfur  in  the  polymer:  1 to 

1.11.  Molecular  weight  of  the  repeating  unit:  241. 

Molecular  weight  calculated  from  the  neutral  equivalent: 
342.  Because  of  the  great  disparity  between  the  molecular 
weight  values  obtained  (probably  due  to  some  degree  of 
hydrolysis  of  the  anhydride),  no  attempt  was  made  to 
estimate  the  relative  reactivity  of  the  comers. 

IR  spectra  run  on  Nujol  mulls  of  the  two  co-polymers 
were  essentially  the  same  in  both  intensity  and  position  of 
the  peaks:  each  had  two  strong  sulfone  peaks  at  7.^and 

8.9/-,  a medium  peak  at  5«4/'c  and  a strong  peak  at  5.6/'° 
due  to  the  cyclic  anhydride  moiety,  and  a medium  carbonyl 
peak  at  5.8//L'  (due,  no  doubt,  to  the  carbonyl  groups 
resulting  from  partial  hydrolysis  of  the  polymer).  Each, 
too,  had  a weak  allyl  double  bond  peak  at  6.15y*-,  but  no 
vinyl  absorption.  Thus,  it  appears  likely  that  the  vinyl 
allyl  sulfone  co-polymerized  solely  via  the  vinyl  group. 

P.  Vinyl  butenyl  sulfone  - maleic  anhydride  co-polymers 

The  vinyl  butenyl  sulfone,  too,  was  co-polymerized 
twice:  once,  using  equivalent  amounts  of  the  comers  and 
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once  using  equimolar  amounts.  Again,  the  polymerizations 
were  carried  out  in  sealed  tubes  under  nitrogen  at  50°  for 
10  days.  In  the  first  polymerization,  0.5024-  g (0.00688 
equivalents)  of  the  sulfone  and  0.6750  g (0.00688  equiva- 
lents of  the  anhydride  in  1.1709  g of  acetone  were 
initiated  by  0.0058  g AB  (0.4-9  weight  per  cent  of  monomer 
present),  giving  0.0384-  g (3.3%  conversion)  of  a DMF- 
soluble,  tan  polymer  which  was  purified  as  above.  Analysis 
of  the  co-polymer:  4-4-. 85%  C,  5.65%  H,  9.74-%  S,  N.E.  203. 

Mole  ratio  of  sulfone  to  anhydride,  calculated  from  the 
per  cent  sulfur  in  the  polymer:  1 to  1.86.  Molecular 

weight  of  the  repeating  unit:  329.  Molecular  weight 

calculated  from  the  neutral  equivalent:  4-06.  In  the 

second  polymerization,  0.7638  g (0.00523  moles)  of  the 
sulfone  and  0.5009  g (0.00510  moles)  of  the  anhydride  in 

I. 2570  g acetone  were  initiated  by  0.0066  g AB  (0.52  weight 

per  cent  of  monomer  present),  giving  0.0573  g (4-. 5%  con- 
version) of  a DMF-soluble,  tan  polymer  which  was  purified 
as  above.  Analysis  of  the  co-polymer:  4-4-.  18%  C,  5.57%  H, 

II. 74-%  S,  T.  J.  183.  Mole  ratio  of  sulfone  to  anhydride, 

calculated  from  the  per  cent  sulfur  in  the  polymer:  1 to 

1.29.  Molecular  weight  of  the  repeating  unit:  273. 

Molecular  weight  calculated  from  the  neutral  equivalent: 
363. 


4-5 


IR  spectra  run  on  Nujol  mulls  of  these  co-polymers 
exhibited  peaks  which  were,  in  position  and  intensity, 
essentially  the  same  as  those  found  in  the  spectra  of  the 
vinyl  allyl  sulf one-maleic  anhydride  co-polymers. 
Apparently,  then,  the  polymer  chain  was  again  propagated 
through  the  vinyl  double  bond. 


CHAPTER  V 


SUMMARY 

A series  of  six  sulfones  was  collected  for  the 
purpose  of  determining,  by  certain  spectral  measurements, 
whether  a postulated  homoconjugation  occurred. 

The  series  comprised  di vinyl  sulfone,  vinyl  allyl 
sulfone,  diallyl  sulfone,  allyl  3-butenyl  sulfone,  vinyl 
3-butenyl  sulfone  and  di-3-butenyl  sulfone.  Of  the 
series,  the  first  three  members  had  been  previously  pre- 
pared: the  divinyl  sulfone  was  obtained  commercially  and 

purified  by  distillation;  the  vinyl  allyl  sulfone  and 
diallyl  sulfone  were  prepared  by  following  literature 
procedures.  The  last  three  members,  too,  were  prepared  by 
following  well-known  literature  procedures,  but  were 
prepared  for  the  first  time. 

Originally,  it  was  planned  to  study  the  IR  spectra, 
UV  spectra  and  MRD  values  of  the  sulfones,  but  the  UV 
studies  could  not  be  consummated:  all  efforts  to  run  the 

sulfone  UV  spectra  failed,  both  here  and  elsewhere.  The  IR 
spectra  showed  no  trends  which  could  be  assigned  to  homo- 
conjugation. 
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The  MRD  values  and  thence  the  Z E values  of  the  pure 
sulf ones  showed  some  evidence  of  a trend  attributable  to 
homoconjugation,  but  the  magnitude  of  the  differential 
exaltation  observed  was  such  as  to  cast  doubt  on  any  con- 
clusions drawn.  Reasoning  that  homoconjugation  was  an 
intramolecular  effect  (which  possibly  was  in  competition 
with  intermolecular  associative  effects)  led  to  the  prepa- 
ration of  five  solutions  of  diallyl  sulfone  in  dioxane  and 
the  determination  of  the  diallyl  sulfone  MRD  at  each 
concentration.  No  appreciable  change  in  MRD  was  observed 
until  the  diallyl  sulfone  was  between  about  5 mole  per  cent 
and  infinite  dilution.  On  the  strength  of  the  results  thus 
obtained,  the  II  values  of  the  several  sulf ones  at  the 
1.5  mole  per  cent  in  dioxane  level  were  determined;  the 
curve  thus  obtained  showed  the  same  maximum  corresponding 
to  diallyl  sulfone  and,  additionally,  was  of  such  a 
magnitude  that  it  could  not  easily  be  discounted. 

Because  of  the  empirical  nature  of  MRD  calculations, 
NMR  spectra  of  the  sulfones  were  run.  While  the  conclusions 
drawn  from  the  spectra  did  not  support  the  postulated  double 
bond  interaction,  the  allyl  group  was  found  to  show  certain 
anomalies  (in  comparison  with  the  vinyl  and  butenyl  groups) 
which  appeared  to  support  the  MRD  data. 
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